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(54) MULTILAYERED METHOD FOR OPTIMIZING PERFORMANCE OF FERROELECTRIC THIN 
FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide to a ferroelectric 
thin film composition profile which is optimized to enhance 
electrical performance. 

SOLUTION: A multilayered ferroelectric thin film contains a 
nucleating layer 14, a bulk layer 16 and a desired cap layer 
18, The thin nucleating layer 14 with a specific composition 
is realized on a lower electrode 12 for optimizing the 
ferroelectric crystal orientation, and its required 
composition is significantly different from the greater part of 
the ferroelectric thin film. The bulk film 16 utilizes the 
nucleating layer established as a substrate for its crystal 
growth. The piling processing having a plurality of steps is 
executed so as to obtain a desired composition profile. This 
method is taken into consideration so that a preparation 
with an optional third composition adjacent to the upper 
surface of the thin film ensures compatibility with the upper 
electrode surface and compensates for the mutual action 
caused by the following processing. 
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m 1 »W#ifc ( percentage ) <0Ji«*|ftt^O» 1 ^ P 
ZT«£flti., 

* 2 OW4Wt«$»5r$£-£trff£ 2<DPZTJf£flM., 
IS® 10W*JB4it»20W*JtJ: "5 t>*#W m 
ttff«t, 

[IKH2] S»l<OPZT»i, »50~500* 

y^xhn-AiOJiS^PZTSS-ffiiS, «Jfllfc 
£»£>3@tCttiVJK. 

[It*Jf3] |g*l«PZT»±. »2 5-3 5%c0 
P ZTlSrlx 4 , Mftf 1 fctSIM 

[ffl<If4] SEm2(0PZT«(i N Wl 000-40 
[1115] K»2<OPZT»i, »15~20%« 

[MS3R7] 8SS30PZTJW4. ft200~300 
*y/AhO-A^J?§«PZTJf£«;i4. I«3I6 

[If*iM8] Hd&30>PZT*tt» »25~35%jfl 

p z Ti^fti 4 s MiRJi 6 icGttAam 

[ff*ll9] ¥#HsVfv*-WPSfc , 3tt3 0V.<f:? 

[II^ISIO] »3. 5#/Pr-OV (90%) 

[fi^JI 1 1 1 3IS!«tt»IH*«3it&*ffiKtJV^ 
t> 

mi coEftitnmmw^-ktimi cop zTMmm- 

l!2^S*Jt«3i*Kt»**trill2«PZT«t»jW- 
Xf7 rflli » IS® 1 <0H#Jt#SiSI 2 «W#Jt J: 0 1> 

[ft$«i2] micopzTmm&tmxT-y 

714, ^5 0-5 0 0^y^Xhn-AJi§cOPZTl 
^Mt 6 xr y 7" tffli 4 , M*JH 1 1 tia«o^ 

St. 

[||*im 13] K» i cop zTmmmhWiXT ^ 
r«, »2 5-3 5%comm&isisPZTm*%m 

c»^«i4] w&2c?>pzTmmmmx*rv 

714, Jf§f«;1 0 0 0-4 0 0 04->'^"XhD-i.c7)P 
ZTjf£ffM^47,r>y7°£ffi;i4, IMl lfctStt 



[HW8S15] KW2«PZTJit»jjW48iXf-y 
714, ttl 5~2 0%JMft«**trPZTJit3WW- 

[ffc&Bl 6] BfiK<DliS3tf>P ZTJf£jg)£-f 4*T 
<y7\ SrHCflii.4i»:£JIl 1 (cKJBtoSrS;. 

irnmiTi wm 3 <7) p z rmmmtmxf •/ 

714, J*§^2 0 0~3 0 0*y^XhO-A«PZT 
«&mf4XT»/7-£4l;i4, USE l 6 fcSStoJSr 

[i«jii8] tsm3«pzTJi^ffM-ri.KXT«y 

714, »2 5-3 5%iM&J|}*6CrPZTlttMtt- 

[fisii 193 * i ^ttmmmt , 
[w*S2 o ] mmm&ztmrttwmm*. 
[»«3«2 1 ] mmmaxxm>^mit^ , 

[000 1] 

[«S0ll*4Si!f#»] *?PJ!f4, Hftfc* 5Sf»*tt 

imm^t&mmmm, aixmmmmm 

[0002] 

=e y -fe/Kc t$ tt § mmm *>i&9 cofz&coimtt® 

^LT, tomffitXMZimtl (liberate) WilZ 

k^xm^zm^titmt i^mmmzm, zt 

[0003] 

mmmt. zmt uM%mmzm&tzMzwm 

XblZbtfmmXfi&ixXZt:. m 
WttW^WtthtlMISft.*. TgP*ffi{4, SA, 
MtftfllK0t4*tJJ:V*^»flSHl. *4^(4S 

iX^cOlffi^^ii, ^UrtSfiS (changing roughne 
ss) *Jj:r//4fc{4»m**»oa«Fflr«iB** U £ 

«)S®«tM-r^f«« (sticking coefficient) t 
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lfcWBLttfc*fc-allT. ffifiicS* (constituents) 
(SSr^f - (dictate) . Lfc^ot, #-c9@5g£ix£ 

imyty * >j y ym-ttz immit^tmn (»iu 

tion chemistry) £fiMLT„ f»5rtMRWtt86<Ofc» 

[0004] *5fe^iS^S<ut3§SWttSIRJ=«-rs 
3l&«<iM&0Jfc«>fc:, »2 4 0 0sry/^hn-A« 

^mm<mm i mp z tar ( s>*3>«** >m 

SS. lead zirconate titanate) i4. < 1 1 1 >MJa:fr 
(switched charge) j [ r Qsw(3v)j] 

9o%mmtiumnw± [ "v (90%) " ] a, 

»4. 5>J0H»fc:»&S*lfc. 

Eooos] a*iu.rfcii. M^is^^o^-r 

[0006] Ur^T, *$HH0>±BB<«4, «^Wtt 
[0007] 

(remarkably) mtth. rt)V?<rffl$: 
(4, *<9*&iffiJfcfttfO;to6<7>S8t (foundation) tLXh 

tzt>% titzWffi&m mmtz. z*it> <r>m&m^tz 

f»)jfi< ^^•&K*cO®3<7)fflfi!cpgSr#Ji:-ri.„ 
[0008] MDonto, iJitflfiOSW. Nft. 

[0009] 

^A°y? l 0#jfc3*U TOTKl 2, ±g|5«S2 

o , * wt&gAi 1 4 . /wwBHW&m 1 6 . a 
nga (optional ) rnnjm r*wy} wkwm 

1 8*#f *. litMtAyj' 1 014, SftfttfM 
t'J-fe/MCtJtt&Efll (storage) t,Tttffl£#l 



[0010] -*-«*-yyhfcttJ8*4e*0>TW 

Sti4PZTai»tttaiBi, i-af-y? hfrt>x 

'Sv?l,Zi.r>XWM%tl (sputter deposition) <ftU «y 
f-cT) (gjfc*/Cfc\ lead-rich) ( rpb j ) Sf^ti 

-fv hmmzm Lx»mcom%m^mmmti 
fcftc. 4mzmtu\ my 

i>K 2 5-35 5 0 ~ 5 0 0 :*> /X 

«14tf)ii«»C xyt7«it BEftfcTTfCs fi 
o«**±{f4itCJ:-3T, 6«0fcA 
£tt#fr* ( 1 0-2 'o **4>^-J:ateSg 
BSiU. IWl 4*>itXA';^«l 6«0ffl^^ 

mmmmB&t&temzmtztim 
m< mr--Mz x ~oxmmm&j&& x mm 
mmmz'thtzMz-mx'hh . i*i^»r--;Kc 

1 4i*ico«ig^ss{i. m\^<7)tzfo<m\m$& (t 

**>t>, TiJ<?) (lower) flrOl^Jil 6) &ft^fl> 

K\ ftttS^JBl4*«V^ (overwhelm) s fflfMii 
XXffiStitte&t (disrupt) . rtMmietfWF 
y**fetf, >^vm\ 614. &Rfc3*i4 

mw&m 1 4 *»feiH« lt , fft^Kfttt^s.-r. 

[ooii] vKo^w^tii, feHc^^-v-yr 
118ii, §[§il<CMOS7°P-t:X4'{c^ftl>7'f;l- 
A^kSrftfjffl. (buffer) fc£>£a*U\ ^^»/7" 

*v^t*«SKct£fc«>t, S««t:{iR»«« 1 4 

J&»fe-HWcffiK*fe< (removed) . df^yT* 18 

(4. «s ±tAtt***tH t r «a^^fL , mm 
ow&frte&zMmsmi 2. miz&&&£ 

vmiM U >">A*»/?,iSr4^Jio±as»K2 0£, R« 

[00 12] ■ ^?!)^*ff 
*5 1 . 0 3 5. ^a-^Aj^'O .400,^ 

0. 600, ^y^y^o. 030, fjiv^^ifio. 
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0 5 0. feitXx bpy^i^O. 020-C&S.T 

ma 1 2&±vmvM2 oasa?* o . #*«4#«j 

1 7 5 O^y/Xhn-^JJST*!.. 
[0013] TEfcHBtStl* ( identifed) JEffiftX 

A'-y ? u >y#m±* Tfccnx^v ? y y/y-/wc# 
are* s i t af ^* t* 4 . jEW$rx» \° -y * y y 
^ftte. ffioxA.y ? y y^>y-;Kca^£/tJ6t 

[ 0 0 1 4 ] *F* U«T11 ^"U 7 * yXA'.y 9 
\) y jftfeWStX. (Gryphon Sputtering Deposition depo 
sition tool) immZtlt. £T<9Jfl4. 16. 

xvi 8«, mm. (ias) teu^x, -etTHtx 

A-y^yy/jSJHiUi (T/Wrfy) tfcWCJtS^fi 

i . tofts* 1 4 ot&xnxKv 9 y y^awra. 

18mTor rfci5Wt7 5 OV-y 1-^*9. f$3 0% 
cOHfJOiSSr^ 5 O^y^X hP-Afc 1 0 O.^y^ 
XbP-Ai^Hc^-Okk^tgi (produce) . A" 
/V?J116{i, JBE^]2mTo r rT'&9. ££10 00 
7yK£t$^T*«*it. Ml 5~2 0%ji*Br«£» 
^9#7>f/W>Wfe4tf*4 (build up) . BiSodf 
•v 'yTl 1 S^_LgU1tffi2 0 (nRMW&mtbUztblz 

imztihtchx. rtwmi 6<omzii. *w?m 

J4. 2 0 0:*:x?'Xbn-Afc3 0 0:ty7'Xhn-A 

Wil OraTo r rtfcfcUT 7 5 0 7 -y r-*CS> 0 . 3 
5%»»^<9*£tel±. JEEjl8mTorr(C*SWC 
5 5 07-y r-T'&S. 
[00 15] ■*5R»ttffi«DiS& 
«14fcJ:^163&^S2lSSSI«tt7^;WA{i. < 
1 1 i>*-etlE[6i$tt7 l i{m'9 8%o»AH^^yc7) 

MMMlfil (orientation) £|fU bfl- 
3fc 9 » 3 0 7 P ? -o y O 3 h CfcV ^T«g 
SfUtQsw (3 V) MyfFUfifto. V (90 
%) f4. »3. SaKfrh-CWftSfifc. WEroHgfc 

[0016] • h Srffifflf l B£T»«K 

fu»o#JlxA>y ?itn&flf{4. #*#xA- y ? y >y 

r ?5x; • 7-/1/ (cluster tool) j SrfSfflLTIW 

^)^9im^tit^x.)\ifi^ mi en-w^zM 

mil. «SJf 14i4. Wxif. 3 0%$fWe«i 



y-y MB«*Jfr3W2«Of-Y^|CK3lS*L*. A;P? 
116(4, mm^X. miiSl 5~2 0%«MO»* 
SfOSS2(!0f-fryA*rt-Ctfta[S^I). Jft!lD<0»3<0f-v 

yA'fcitx^-^-y hs $>i>v^ico^yA'fe it/" 

btf. mm%t>&. vtm 1 8 *mtt* 
tzmzm^tiizb^x'ii, 

[0017] ■ ffitffi&8JB*>lWtCVD ( r^&tj 
SWBJ&ftj ) 

SMWHt^l*^ iW?M^KJ£ (solution chemistr 
y) fciV'CVDSWiOM^tCjifflS^-S. W)<F>n& 

^ if. ±ib« p z T<o«c«t4 mwm-wMza v ^ 

T, 3o«»3:4»*«4Jj:V»4«t:*a!5r (pote 
ntailly varying) ftJK (Xtt, ft'ML S^^Xty 
arg) &«fO^^\ ma^)7>f;l/A«(conipositio 

n) &£i/mznmzm$Li-&tz*bi<z&mtzti&. 

CVDCO^Zti^X. mm^mmm« (critical pre 
cursor) tZfttlWtifi. fc»LT5ESSS*l* 

JSV^T (in situ) 4£{iM|W7--/HSfcfc^T 
«ftftS*LS*'ira*»K*>*»*>fe-f> a*;^*1 6tH 
WflTOM«14«M^$iJffli-ri.ifc{i, 9fi9Ht^ 

(orientation) ^Wi-T£ £ b IZH^XmWX'fo h . 

[0018] ■mm.mmm 

fc LTUa^J) 0 ( promise ) *3«rl mW&\±9 
y^;H!7.hpyf-^Afc*XVX ( TSBTj , stront 
ium bismuth tantalate) f SS. WHttOE^, 0$ 
D r Aj ^ h^pyx*^ btS^<?)«SS (cons 
tituent) (4. PZT5fiP€tt7>f/^<0^i:!l«fc, 

t'zvxxhh. zzizmziifcmimit.. mmi 
mnmmix. mzvm (potential) ntx 

)t)il4^jl§ix. ffl^WfcfXVX^W (bismut 
h-poor) A';^*l 6«fcl< . FM&£>«\ ^7°y 
gyfD (optional) Jf^-yTJll 8«4, mi&COWttzm 

ixommti&zbpxzh* 

[0019] w>i<?)Masfo»a immmizm 

[WOffi#5rlSiH>l] 

[HI] HI (4. *HBB<^6afc:fl£->riBSS*ifc9l» 
«#:dr-VA-y^fcfc{tS^«5il*«tt*^^Df!SHT 
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